1 They and their structural analogues have since been shown to inhibit platelet aggregation 2 and possess anti-inflammatory 3 and antiviral activity, 4 among others. 5 Nevertheless, to the best of our knowledge, no compounds bearing the 6H-1,3,4-thiadiazine moiety have yet been introduced into the pharmaceutical or agricultural markets. The contrast between this heterocycle's potential and its limited practical popularity stem in part from the issues encountered during its synthesis. This is specifically of interest because there is an urgent need for new heterocycles as drug scaffolds, 6 especially ones with several heteroatoms. 7 The most widely applicable route towards 6H-1,3,4-thiadiazine-2-amines employs the condensation of a haloketone with a thiosemicarbazide (TSC) combined with a nucleophilic substitution of the halogen by the sulfur atom.
8 When this method is used, issues of regioselectivity are faced, in other words, the isomeric and more thermodynamically favored 2-hydrazinyl-1,3-thiazoles can be formed. 9 Depending on the reaction medium, the alternative heterocycle will either be a direct side product or the result of thiadiazine isomerization in situ (see Scheme 1).
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Scheme 1 Reasons for the limited chemoselectivity of conventional protocols for the synthesis of 6H-1,3,4-thiadiazine-2-amines in a) homogeneous aqueous, acidic and b) non-aqueous, non-acidic media 
Letter Syn lett
Although synthetic transformations, such as amide formations of the exocyclic amine functionality, have been successfully performed using 6H-1,3,4-thiadiazine-2-amines as starting points, 11 these materials are inherently unstable and do not generally allow for modifications of other functional groups within the molecule.
12 It therefore appears that there is a need for novel methodology to access this heterocyclic system starting from more easily accessible intermediates that can be incorporated into the synthetic route. In this communication, the development and assessment of a novel protocol towards arylic 6H-1,3,4-thiadiazine-2-amines with excellent regioselectivity, starting directly from the ketone stage, is described. This disclosure will hopefully help to rekindle the interest in this heterocyclic system, not only for purposes of academic research but also as a scaffold in drug development.
The developmental efforts depicted here rely on a finding reported by Beyer in 1954.
13 Upon treatment of chloroacetone with TSC in an ice-cold, aqueous solution of hydrochloric acid, the formation of a precipitate was observed. When the suspension was filtered and the residue was heated in ethanol, 5-methyl-6H-1,3,4-thiadiazine precipitated, with no trace of alternative isomers. The identity of the intermediate precipitate was assigned to be the imino condensate between chloroacetone and TSC in the form of its hydrochloride salt. It was concluded that the complete regioselectivity of the two-pot process was based on the change of solvent, because the condensation was irreversible in the absence of water. When haloketones are treated with TSC directly in organic, non-acidic media, the nucleophilic substitution occurs prior to the condensation. Therefore, the issues regarding selectivity must, in that case originate from the thioamide intermediate, bearing two potentially nucleophilic nitrogen atoms (Scheme 1, b). It therefore follows, in order to form the thiadiazine-2-amine moiety exclusively, that 1) the condensation must be carried out irreversibly, 2) the condensation should occur prior to the alkylation of the sulfur atom, 3) and the ring closure must proceed in the absence of water. Both the first and the third conditions require the medium to be non-aqueous. The second criterion can only be fulfilled in an acidic environment. However, 6H-1,3,4-thiadiazine-2-amines tend to isomerize at low pH value (Scheme 1, a).
14 Consequently, the fourth condition is, that while the medium is kept acidic until the condensation is complete, the pH value must be raised before completing the cyclization. The overall three-step process is outlined in Scheme 2. A bromination procedure developed by Lee and coworkers 15 was adopted. It employs the treatment of the ketone with N-bromosuccinimide in a 0.2 M solution of p-toluene sulfonic acid in refluxing acetonitrile. The solution was then cooled to 0 °C and, upon the addition of molecular sieves (4 Å) and TSC, a suspension was produced. Due to the acidic conditions and the presence of molecular sieves, the formation of the ketone condensate was irreversible. The reaction medium was then neutralized by the addition of potassium hydroxide, and the mixture was heated to reflux once again. Cyclization occured rapidly and only the desired heterocycle was formed.
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Scheme 2 α-Bromination of aromatic alkylketones, followed by subsequent condensation with thiosemicarbazide to yield 5-aryl-6H-1,3,4-thiadiazine-2-amines in a one-pot procedure a All values correspond to isolated yields on 0.5 mmol scale unless otherwise stated. b Reaction carried out on 2.0 g (16.7 mmol) scale. An additional crystallization was required to achieve high purity.17 c An exceptionally large degree of decomposition on silica was observed during purification. d 5,6-Diphenyl-4H-1,3,4-thiadiazine-2-amine was isolated rather than the desired 6H-thiadiazine. 
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In Table 1 , the isolated yields for a variety of different acetophenones as starting materials are depicted. Two reactants other than methylketones, namely propiophenone and 1,2-diphenylethanone, were also tested in order to assess the viability of this protocol for the synthesis of 6-substituted 6H-1,3,4-thiadiazine-2-amines.
Entry 1 (Table 1) represents the sequence starting from acetophenone for which a yield of 51% was obtained (80% average yield per step). In order to assess scalability, the same reaction was performed on a larger scale (2.0 g, 16.7 mmol) when a similar yield was obtained (49%, 79% average yield per step). In all cases except for entries 2, 5, and 11, overall yields of more than 50% were obtained. In two cases (Table 1 , entries 7 and 10), yields of 90% or more were reached.
Two complete sets of 2-, 3-, and 4-substituted acetophenones (Table 1 , entries 3-5 and 6-8, respectively) were examined. Among the methoxyacetophenones, 3-substitution produced the highest yield, amounting to 72% (90% average yield per step). The 2-and 4-substituted methoxyacetophenones yielded 65% and 61% (87% and 85% average yield per step) of the corresponding heterocycle, respectively. The fact that substitution in the 2-position was tolerated well is fairly surprising, as 2-substituents are likely to prohibit the planar orientation of the phenyl and thiadiazine rings due to steric hindrance. This behavior was observed in the case of the bulkier chloro substituent giving a yield of only 38% (72% average yield per step); in contrast to 53% and 98% (81% and 99% average yield per step) in the case of 3-, and 4-chloro substitution, respectively.
By analogy with 4-methoxyacetophenone, other mildly electron-enriched phenylmethylketones, such as 4-butoxyacetophenone and 4-ethylacetophenone were assessed as starting materials (Table 1, entries 9 and 10, respectively) . While the former behaved similarly to the methoxy model substrate (60% vs. 61% overall yield), the latter resulted in an excellent overall yield (90%, 97% average yield per step). The reason for this discrepancy is believed to be the difference in stability on silica during chromatographic purification. Both mildly (ethoxycarbonyl, Table 1, entries 11 and 12) and strongly (nitro, Table 1, entry 13) electron-withdrawing substituents in the 3-and 4-positions produced good yields of between 55% and 62% (82% and 85% average yield per step) comparable to those obtained when 4-chloroacetophenone was used as starting material.
Atypical behavior was observed when using 4-acetyl-N,N-dimethylbenzenesulfonamide as a starting material (Table 1, entry 14) . The lowest isolated yield in the sequence was obtained for this substrate, amounting to only 11% (48% average yield per step). As no abnormalities were observed during chromatographic monitoring of the reaction, it appears that an exceptionally rapid decomposition occurred during purification on silica.
One 6-substituted 6H-1,3,4-thiadiazine-2-amine (i.e., 6-methyl-5-phenyl-6H-1,3,4-thiadiazine-2-amine, Table 1 , entry 15) was isolated in good yield of 77% (92% average yield per step). When 1,2-diphenylethanone was used as a starting material, 5,6-diphenyl-4H-1,3,4-thiadiazine-2-amine was isolated (70% yield, 89% average yield per step) rather than the corresponding 6H-thiadiazine. This is presumed to be the result of imino-enamine tautomerization after the formation of the desired 6H-heterocycle.
In summary, a novel route for the direct transformation of aromatic alkylketones into 5-aryl-6H-1,3,4-thiadiazine-2-amines has been developed and has been shown to possess the ability to provide the target compounds in moderate to excellent yields.
